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ABSTRACT. A new species of the genus Xipho- 
caridinella Sadowsky, 1930 (Crustacea: Decapoda: 
Atyidae), Xiphocaridinella demidovi sp.n., and two 
specimens of X. dbari Marin, 2019 are described from 
the bottom section (-2212 m) of the world’s deepest 
Verevkina Cave, located in the Arabika karst massif of 
the Gagra Ridge, southwestern Caucasus. Consequent- 
ly, these species are the most deep living troglobionts/ 
stygobionts in the world, whose taxonomic status is 
officially confirmed. Based on morphology and DNA 
analysis, both species are closely related representing 
sister clade separated for 6% by COI mtDNA gene 
marker. From the latter species and related congeners, 
the new species can be easily separated by a relatively 
long rostrum, pointed distally and reaching the distal 
margin of basal antennular segment, slender carpus of 
pereiopod II, the presence of 3 ischial spines and re- 
duced exopods on pereiopods I-IV as well as stouter/ 
wider telson. Due to the discovery of Xiphocaridinella 
demidovi sp.n., 14 species ofthe genus Xiphocaridinella 
are currently known from the Colchis Lowland of the 
southwestern Caucasus. 
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PE3IOME. M3 momnoŭ cexumn nemepsi BepeBkn- 
Ha H3 KapcToBoro MaccuBa Apa6nka Parpckoro xpe6- 
Ta (roro-3aranmbí Kaskas), camoú TIIYOOKOH nemepbI 
B Mupe (2212 m), omucaH HoBbIH BU poga Xipho- 
caridinella Sadowsky, 1930 (Crustacea: Decapoda: 
Atyidae), Xiphocaridinella demidovi sp.n., a Taxıke 
ABa 9kaeMnIapa X. dbari Marin, 2019. Cjie1oBateJb- 
HO, 9TH BHABI — HamóoJIee TIIYOOKO »HMByHIMO TPOTJIO- 
OMOHTBI/CTHTOOMOHTBI B MUPE, TAKCOHOMNYECKHH CTa- 


TyC KOTOPBIX OPHUHMAJIBHO MOATBEPA CH. Pe3yJIbTaTbI 
HCCIEAOBAHHMA HX Mopbonorun u anauza MHK no- 
3BOJIAIOT YTBEPX/JIATb, YTO 06a BHMA ÓJIM3KOPOACTBCH- 
HbI M 06pa3yIOT CECTpHHCKHE KJIAMbI, OTIMYAHOIIMECH 
IIpHMepHo Ha 6% no TEHHOMY Mapkepy COI mT/[[HK. 
Hosplii BU OTIMHUAETCA OT HAÄJIEHHOTO MECTE C HUM U 
OT APyTHX POACTBEHHBIX BUJIOB, OTHOCHTEJIBHO JUIHH- 
HBIM 340CTpeHHBIM POCTPyMOM, MOCTHTAHIINHM ypoB- 
HA AMCTAJBHOrO Kpas Oa3aJibHoro aHTeHHyIApHoro 
CETMEHTA, TOHKHM Kaprycom nepeoroA II (xenmnea), 
HAJIHYHEM 3 IINTIOB Ha HCXHYME M pey UOMpOBAHHB5IMA 
3K30NOAMTAMM Ha TIepeononax II-IV, a rakxe Oosee 
IINPOKUM TEIIBCOHOM. biaroxapa Haxonke Xipho- 
caridinella demidovi sp.n., B pone Xiphocaridinella B 
HacToamee BpeMa HacunTpIBaetca 14 BuAOB m3 Kox- 
XHJICKOH HA3MEHHOCTH HTO-3AIla]IHOTO KaBkaza. 


Introduction 


The stygobiotic atyid shrimp genus Xiphocaridinella 
Sadowsky, 1930 (Crustacea: Decapoda: Atyidae) cur- 
rently includes 13 valid species described in the subter- 
ranean water habitats of the southwestern Caucasus, 
from the northern and northwestern part of Kolkhida 
coastal lowland plain (Colchis) of the southwestern 
Caucasus [Sadowsky, 1930; BirStein, 1939, 1948; Juz- 
bas’jan, 1940, 1941; Marin, Sokolova, 2014; Marin, 
Sinelnikov, 2017; Marin, 2017a, b, 2018a, b, 2019, 
2020; Marin, Turbanov, 2021]. The knowledge about 
these stygobiotic shrimps living in underground (sty- 
gobiotic) habitats is still incomplete, and new species 
have been discovered to date. 

The entrance to the Verevkina Cave is located in 
the eastern part of the Arabika plateau on the Gagra 
Ridge of the SW Caucasus. There are also entrances to 
the other world deepest karst cave — the Krubera- 
Voronja Cave (-2199 m) and the Sarma Cave (-1830 
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m). In March 2018, the speleoexpedition measured the 
depth of the siphon lake “Nemo”s Last Camp”, which 
added 8 m to the depth of the cave and increased it to — 
2212 m, making it the deepest cave in the World, 15 m 
deeper than the neighboring Krubera-Voronya Cave 
from the western part of the Arabika plateau on the 
Gagra Ridge. Based on one of sampled specimen, Xi- 
phocaridinella dbari Marin, 2019 was recorded from 
the Verevkina Cave at a depth of -2100-2130 m (the 
depth in the original description is indicated incorrect- 
ly) [Marin, 2019]. 

Somewhat later in 2018 and 2019, the speleologists 
from the Perovo-Speleo team were able to go deeper 
into the cave, reaching in the siphon lake “Nemo”s 
Last Camp” (=Poslednaya Stoyanka Nemo), the present- 
day deepest part of the cave, where three more speci- 
mens of stygobiotic shrimps were caught. Detailed mor- 
pho-genetic research revealed that two of the speci- 
mens belong to X. dbari, while one of the sampled 
shrimps represent an undescribed species. Because sam- 
pling in such deep caves is extremely rare, the new 
species is described herewith based on the only avail- 
able specimen. At the same time, the siphon “Nemo”s 
Last Camp” is located already above the basic non- 
karst rocks and, probably, this watercourse connects 
many caves starting on the Arabika plateau. Thus, the 
newly discovered species can be found in other caves 
of the Arabika karst massif as well. 

Unfortunately, the head of numerous expeditions of 
the Perovo-Speleo team to the Verevkina Cave and one 
of the collectors of this material, Pavel Demidov, trag- 
ically died on August 23, 2020 in one of the caves of 
the Arabika karst massif. The species he found is named 
in his honour. 


Material and methods 


SAMPLING AND REPOSITORIES. Shrimps were col- 
lected by hand net in the subterranean siphon lake “Nemo”s 
Last Camp” located at -2204 m depth of the Verevkina Cave 
(43°24’56.0”N 40%21'23.0”E), Arabika plateau of Gagra 
Ridge, Western Abkhazia, SW Caucasus in September 2018 
and August 2019. Research does not include endangered or 
protected species. All specimens were preserved and stored 
in 90% solution of ethanol for further DNA analysis. Postor- 
bital carapace length (pcl., in mm), the length from the 
posterior orbit to the posterodorsal margin of carapace, and 
total body length (tbl., in mm), dorsal length from the tip of 
rostrum till the distal margin of telson, are used as standard 
measurements. The holotype is deposited in the: Zoological 
Museum of Moscow University (ZMMU), Moscow, Russia. 

DNA EXTRACTION. The cytochrome c oxidase sub- 
unit I (COI) mtDNA gene marker is used as one of the most 
informative markers for genetic studies at population and 
species level for marking species within Xiphocaridinella 
species complex [Avise, 1993; Sket, Zakšek, 2009; Marin, 
2020]. Total genomic DNA was extracted from muscle tis- 
sue using the innuPREP DNA Micro Kit (AnalitikJena, 
Germany). The COI mtDNA gene marker was amplified 
with the help of the universal primers LCO1490 (5'-GGT- 
CAACAAATCATAAAGATATTGG-3') and HC02198 (5'— 
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TAAACTTCAGGGTGACCAAAAAATCA-3') [Folmer et 
al., 1994]. PCR products were performed on amplificator 
T100 (Bio-Rad, USA) under the following conditions: ini- 
tial denaturation at 96 °C for 1.5 min followed by 42 cycles 
of 95 *C for 2 min, 49 *C for 35 sec, and 72 *C for 1.5 min, 
followed by chain extension at 72°C for 7 min. The volume 
of 10 uL of reaction mixture contained luL of total DNA, 
2uL of 5xPCR mix (Dialat, Russia), 1uL of each primer and 
SuL of H,O. The amplification products were separated by 
using gel electrophoresis of nucleic acids on a 1.5% agarose 
gel in 1xTBE, and then stained and visualized with 0.003% 
EtBr using imaging UV software. DNA nucleotide sequenc- 
es were determined using Genetic Analyzer ABI 3500 (Ap- 
plied Biosystems, USA) and BigDye 3.1 (Applied Biosys- 
tems, USA) with direct and reverse primers. Dataset of 
aligned sequences of COI mtDNA gene markers, about 617 
base pairs in length used in the study were taken from 
GenBank (NCBI) (see Table 1 in Marin & Turbanov [2021]). 

PHYLOGENETIC ANALYSIS. Consensus of comple- 
mentary sequences was obtained with MEGA 7.0. Partition- 
Finder v. 2 [Lanfear et al., 2016] was used for finding best- 
fitting partitions for the concatenated dataset as COI mtD- 
NA is usually characterized by a strong heterogeneity in 
nucleotide substitution rates among all three coding posi- 
tions. The GTR+G+I evolutionary substitution models was 
suggested as the best by the Akaike Information Criterion 
(AIC) using ¡Modeltest2.1.141. Different evolutionary sub- 
stitution models and phylogenetic estimates were widely 
congruent in this study. Phylogenetic analysis was conduct- 
ed using PhyML 3.0 (http://www.atgc-montpellier.fr/phyml/ 
) [Guindon et al., 2010] with several models based on BIC 
(Bayesian Information Criterion) and AIC (Akaike Informa- 
tion Criterion). Maximum likelihood bootstrap values are 
given for each node. Pairwise genetic divergences (p-dis- 
tances) were calculated based on COI sequences using MEGA 
7.0 with the Kimura 2-Parameter (K2P) model of evolution 
(Kimura, 1980). 


Results 


MOLECULAR-GENETIC ANALYSIS. The in- 
traspecific p-distances between Xiphocaridinella demi- 
dovi sp.n. (n=1) and other Caucasian Xiphocaridinella 
species are more 0.06 substitutions per 100 nucleotide 
positions (more than 6%); the phylogenetically closest 
species is X. dbari, which is known also from Verevki- 
na Cave (2130 m) and the Gegskaya (Gega) Cave 
(43°23’43.7”N 40°27’28.4”E) of the same Gagra Ridge 
(see Marin [2020]). 


TAXONOMY 


Order Decapoda Latreille, 1802 
Family Atyidae De Haan, 1849 
Genus Xiphocaridinella Sadowsky, 1930 
Xiphocaridinella demidovi sp.n. 
Figs 1-3. 


MATERIAL EXAMINED: HOLOTYPE, non-ovigerous Ẹ (pel. 
7.5 mm, tbl. 24.0 mm), ZMMU Ma-6207, Abkhazia, Gagry region, 
Gagra Ridge, Arabika karst massif, Verevkina Cave, 43°24’56.0”N 
40°21’23.0”E (the entrance), “Nemo”s Last Camp” siphon lake, 
about —2212 m from of the cave entrance, coll. Natalia & Andrey 
Sizikov, Sept. 2018. 
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Fig. 1. Xiphocaridinella demidovi sp.n., holotype Y, pel. 7.5 mm, tbl. 24.0 mm, ZMMU Ma-6207, Verevkina Cave, Western 


Abkhazia, southwestern Caucasus: general lateral view. 


Puc. 1. Xiphocaridinella demidovi sp.n., 9, ronorun, pel. 7,5 mm, tbl. 24,0 mm, ZMMU Ma-6207, nemepa Bepeskuna, 3anaqnaa 


A6xasus, FOTO-3aflaıIHbIH KaBka3: o6MMĂ BHA COORY. 


Tablel. Pairwise genetic (COI mtDNA) distances (p-distances+SE) and estimated divergence time (Mya) (Min. and Max. 
after Guy-Haim et al. [2018]) between Xiphocaridinella demidovi sp.n. (n=1) and other species of the genus Xiphocar- 


idinella (data from GenBank (NCBI) database). 


Tamua 1. IlomapHbie reHermuecknme AmcraHuma (COI mtDNA) (p-distances+SE) u mpeqnosoxnTebHOe BPEMA 
AuBepremumna (Mya) (min. n max. no Guy-Haim et al. [2018]) mex ay Xiphocaridinella demidovi sp.n. (n=1) 1 apyrumn 
Bunamn poxa Xiphocaridinella (naHHbıe 6a3bI NaHHBIx GenBank (NCBI)). 


Species p-distance 
Xiphocaridinella dbari (n=7) 0.057+0.008 
Xiphocaridinella fagei (n=17) 0.065+0.009 
Xiphocaridinella jusbaschjani (n=14) 0.068+0.009 
Xiphocaridinella ablaskiri (n=15) 0.101+0.012 
Xiphocaridinella otapi (n=18) 0.103+0.012 
Xiphocaridinella osterloffi (n=35) 0.104+0.012 
Xiphocaridinella falcirostris (n=11) 0.109+0.013 
Xiphocaridinella kumistavi (n=18) 0.112+0.014 
Xiphocaridinella shurubumu (n=15) 0.115+0.015 
Xiphocaridinella kutaissiana (n=16) 0.116+0.015 
Xiphocaridinella smirnovi (n=1) 0.118+0.016 
Xiphocaridinella motena (n=10) 0.125+0.017 


DESCRIPTION. Small-sized shrimp with swollen sub- 
cylindrical body and fragile integument. Carapace (Fig. 1) 
smooth dorsally, almost transparent, without any tubercles/ 
carina, without supraorbital teeth (Fig. 2a, b). Rostrum (Fig. 
2a, b) unarmed, slender in distal part and sharply pointed 
distally, turned forward, reaching the distal margin of basal 
antennular segment, with well-developed lateral lamina, and 
feeble developed dorsal carina. 


Approximate divergence time (Mya) 


Min Average Max 
(0.05 16/Mya) (0.029/Mya) (0.0077/Mya) 
1.10+0.15 1.96+0.27 7.40+1.03 
1.26+0.17 2.24+0.31 8.44+1.16 
1.32+0.17 2.34+0.31 8.83+1.16 
1.96+0.23 3.48+0.41 13.11+1.55 
2.0+0.23 3.55+0.41 13.37+1.55 
2.02+0.23 3.58+0.41 13.50+1.56 
2.11+0.25 3.75+0.44 14.15+1.68 
2.17+0.27 3.86+0.48 14.54+1.81 
2.23+0.29 3.96+0.51 14.93+1.94 
2.25+0.29 4.0+0.51 15.06+1.95 
2.29+0.31 4.07+0.55 15.32+2.07 
2.42+0.32 4.31+0.58 16.23+2.20 


Abdominal somites smooth, unarmed (Fig. 1); tergites 
non-carinate, without dorsal lobes, not posteriorly produced; 
pleura of pleomeres I-IV posteroventrally and ventrally 
rounded, distoventral margins of pleomere VI sharply pro- 
duced posterodorsally. Telson (Fig. 2g) about 2.5 times as 
long as wide proximally, slightly expanded distally, usually 
with 2 pairs of slender dorsal spines, inserted at about 0.5 
and 0.8 of telson length, respectively; distal margin convex, 
with 4 pairs of distal spines. 
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Eyes (Fig. 2a, b) reduced, swollen, partly covered by 
carapace; cornea rounded, with small blunt projection, with- 
out pigment; eyestalk stout, swollen, cylindrical, about as 
long as wide. 

Antennula (Fig. 2a—d) with robust basal peduncular seg- 
ment, about 1.5 times as long as wide, with mostly reduced 
ventromedial tooth (Fig. 2c), distolateral angle with broadly 
produced sharp triangular projection (Fig. 2d); stylocerite 
short, sharpening distally, not reaching the distal margin of 
basal segment; second segment about 2 times as long as wide, 
subcylindrical, smooth. about 1.5 times as long as distal seg- 
ment; distal segment about as long as wide, unarmed. 

Antenna (Fig. 2e) with basicerite stout, about 1.3 times 
as wide as long, with distolateral margin unarmed; carpocer- 
ite robust, about 2 times as long as wide, almost reaching the 
midlength of scaphocerite; scaphocerite well developed, 
broad, with small but well-marked distolateral tooth, lamella 
bluntly rounded distally. 

Mouthparts characteristic for the genus, without specific 
features. Mandible well developed, without palp; molar pro- 
cess well developed, relatively slender, with several small 
and large distodorsal teeth; incisor process slender, tapering 
distoventrally, with slender serrated sharp lamina distally. 
Maxillula with well-developed simple palp armed with 2 
setae distally, well developed, produced, blunt distally, dor- 
sal lobe with completely fused lacinia, ventral lobe small, 
covered with curved setae distally. Maxilla normal, with 
simple tapering small palp; endites stout, well developed; 
basal endite feebly bilobed, furnished with elongated stiff 
setae; coxal endite obsolete; scaphognathite broad, furnished 
with short plumose setae. Maxilliped I normal; epipod small, 
reduced; exopodite small and slender, with expanded caride- 
an lobe bearing plumose marginal setae; basal and coxal 
endites completely fused, excavate, furnished with long sim- 
ple setae distally. Maxilliped II with relatively robust seg- 
ments; without epipod; exopodite slender overreaching pro- 
podal segment, with long plumose setae distally; distolateral 
margin of propodus straight, dorsal margin convex, fur- 
nished with slender setae; dactylus about twice as long as 
broad, with straight distal margin, with numerous medium 
stout spines and numerous simple spines along distal mar- 
gin. Maxilliped III (Fig. 3a, b) slender, with small epipodite 
and arthrobranch; exopodite short, partly reduced, slender, 
almost reaching the midlength of antepenultimate segment; 
antepenultimate segment slender, about 7 times as long as 
wide; penultimate segment about 6 times as long as wide, 
with straight lateral margins; ultimate (distal) segment (Fig. 
3b) slender, about 6.5-7 times as long as wide, tapering 
distally, with tufts of short simple stick-like setae along 
ventral and lateral margins. 

Pereiopods I (Fig. 3c, d) with basis about as long as 
wide; coxa with well-developed slender epipodite and tuft of 
setobranchs; basis about as long as wide, with slightly re- 
duced slender exopodite almost reaching carpo-meral artic- 
ulation; ischium about 2 times longer than wide; merus 
slender, about 5 times as long as wide, about 2 times longer 
than ischium and about 1.2 times longer than carpus; carpus 
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relatively stout, widening distally, about as 4 times as long 
as maximal width; palm relatively stout, about as long as 
wide, subcylindrical in cross-section; fingers subcylindrical, 
about 3-3.5 times as long as proximal width, armed with 
distal tufts of strong curved distally plumose setae (Fig. 3d). 

Pereiopods II (Fig. 3e) with relatively slender segments, 
longer than PI; coxa with well-developed slender epipodite 
and a tuft of small setobranchs; basis about as long as wide, 
with relatively short exopodite reaching carpo-meral articu- 
lation; ischium about 3-3.5 times as long as wide; merus 
slender, about 4 times as long as wide, equal to ischium and 
about 1.4 times shorter than carpus; carpus relatively slen- 
der, about 6.5-7 times as long as wide, slightly widening 
distally; palm relatively stout, similar to palm of pereiopod 
I, about as long as wide, subcylindrical in cross-section; 
fingers relatively stout, subcylindrical, blunt distally, about 
4 times as long as proximal width, with simple and straight 
cutting edge, with distal tufts of strong curved distally plu- 
mose setae. 

Pereiopod III (Fig. 3f) relatively slender; coxa with tuft 
of setobranchs and well-developed epipodite; basis about as 
long as wide, with reduced exopodite slightly overreaching 
carpo-meral articulation; ischium about 2.5 times as long as 
wide, with well-marked distoventral spine; merus about 6.5— 
7 times as long as wide, with 3 small spines along ventral 
margin; carpus relatively slender, about 5 times as long as 
wide, slightly widening distally, about twice shorter than 
merus and propodus, without subdistal spine; propodus about 
11 times as long as wide, with straight margins, armed with 
small spine-like setae a row of small simple setae; dactylus 
(Fig. 3g) about 3 times longer than maximal wide, main 
unguis smooth, curved and sharp, accessory unguis small, 
triangular, sharp, signifacantly shorter than main unguis and 
subequal to ventral spines, ventral margin armed with a row 
of spines accompanying with small simple setae. 

Pereiopod IV (Fig. 3h) generally similar to pereiopod 
IH; coxa without tuft of setobranchs and slightly reduced 
epipodite (Fig. 21); basis about as long as wide, without 
exopodite; ischium about 2.5 times as long as wide, with 
small distoventral spine; merus about 5.5 times as long as 
wide, armed with 3 spines; carpus about 5 times as long as 
wide, without subdistal spine; propodus about 12 times as 
long as wide, with straight margins, armed with 10-11 spine- 
like setae along ventral margin; dactylus about 3 times long- 
er than wide, biunguiculate, with small accessory unguis; 
ventral margin armed with 4-5 small spines. 

Pereiopod V (Fig. 37) generally similar to pereiopods 
HIV, but without armature on basal segments and ex- 
opodite on basis; basis about as long as wide, with a single 
setobranch; other segments subequal to segment of PIV; 
propodus about 12 times as long as wide, with straight 
margins, unarmed ventrally; dactylus (Fig. 3k) with ventral 
margin armed with a dense “brush” consisting of small 
simple sharp setae; without accessory unguis, main unguis 
curved, triangular, sharp distally. 

Pleopod I (Fig. 2h) normal, without specific features, 
with endopod bearing well marked appendix interna (Fig. 


Fig. 2. Xiphocaridinella demidovi sp.n., holotype Y, pel. 7.5 mm, tbl. 24.0 mm, ZMMU Ma-6207, Verevkina Cave, Western 
Abkhazia, southwestern Caucasus: a — front of carapace, lateral view; b — front of carapace, dorsal view; c — antennula, lateral view; d — 
antennula, dorsal view; e — antenna; f— uropods; g — telson; h — pleopod I; i — same, appendix interna; j — pleopod II; k — distal part 


of appendix interna. 


Puc. 2. Xiphocaridinella demidovi sp.n., Y, ronorun, pel. 7,5 mm, tbl. 24,0 mm, ZMMU Ma-6207, nemepa Bepeskuna, 3anaqnaa 


AOxa3ua, roro-3amanHbiá Kaskas: a — MEperHaa 4acTb Kaparlakca, BU cOoKy; b 


HEepeAHAA MacTb Kaparlakca, BAMM CBepxy; € — 


aHTeHHyJa, BH CÓOKy; d — aHTeHHyJa, BU, CBEPXy; € — aHTeHHa; f — yponoAbl; g — TeJbcon; h — neono I; i — TO xe, appendix 


interna; j — mueonoa ll; k — aucrambuaas yacTb appendix interna. 
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2i). Pleopod II (Fig. 4j) in males with well-developed ap- 
pendix interna (Fig. 2k). 

Uropods (Fig. 2f) relatively stout, slightly exceeding 
telson; lateral margin of uropodal exopodite straight, with 
blunt triangular distolateral angle and 1 large distolateral 
spine; dieresis simple, without spines. 

COLORATION. Body and appendages of shrimps are 
translucent white or yellowish in color; cornea of eyes is 
albescent; internal organs (gonads and hepatopancreas) are 
whitish or yellowish. 

ETYMOLOGY. The species is named after the famous 
cave explorer Pavel Evgenievich Demidov, the head of the 
expeditions of the “Perovo-Speleo” team (Moscow), which 
explored the Verevkina Cave for a long time. Unfortunately, 
Pavel died tragically on August 23, 2020 in the Integral 
Cave, located to the north of the Verevkina Cave. He led 
speleoexpeditions that collected all known specimens of 
cave shrimps from the Verevkina Cave. 

GENBANK ACCESSION NUMBERS. OK165439. 

DISTRIBUTION. The species is known from the deep- 
est part of the Verevkina Cave (43°24’56.0”N 40°21’23.0”E), 
Gagra Ridge, Abkhazia, SW Caucasus, in subterranean si- 
phon lake “Nemo”s Last Camp” located about -2204 m 
from the entrance. 

TAXONOMIC REMARKS. The new species is mostly 
phylogenetically close and represent a sister clade to X. dbari 
Marin, 2019 (see Fig. 4), also described from the caves of 
Gagra Ridge, including one specimen collected inside Ver- 
evkina Cave at the depth -2130 m, where there seems to be a 
different water flow [Marin, 2019]. From the latter, the new 
species can be easily separated by 1) longer rostrum, sharp- 
ening distally and reaching the distal margin of basal anten- 
nular segment (Fig. 2a, b) (vs. stout triangular rostrum reach- 
ing only the midlength of basal antennular segment in X. 
dbari [Marin, 2019: Fig. 3a-d]; slender pereiopod II with 
carpus about 6.5-7 times as long as wide (Fig. 3e) (vs. 
carpus of pereiopod II about 4 times as long as wide in 
females of X. dbari [Marin, 2019: Fig. 4h]); 3) the presence 
of 3 ischial spines and more reduced exopod on pereiopod 
II (Fig. 3f) (vs. 2 ischial spines on pereiopod III in X. dbari 
[Marin, 2019: Fig. 4d]); 4) the presence of 3 ischial spines 
and completely reduced exopod on pereiopod IV (Fig. 34) 
(vs. 2 ischial spines and vestigial expopod on pereiopod IV 
in X. dbari [Marin, 2019: Fig. 4e]); 5) stouter and wider 
telson (Fig. 2f). Molecular genetic divergence between the 
species by COI mtDNA gene marker is about 6% (Table 1). 

From the related Xiphocaridinella jusbaschjani BirStein, 
1948 known from Agura river, Sochi, Russia and Xiphocari- 
dinella fagei Birstein, 1939 from the New Athos (=Novo- 
Afonskaya) and the Habu caves as well as the neighboring 
Mchishta karst system of the eastern Abkhazia [Marin, 
Sokolova, 2014], the new species can be also separated by 
longer and distally sharpening rostrum reaching the distal 
margin of basal antennular segment, slenderer pereiopods I 
and, especially, III, the less number of smaller ischial spines 
and reduced exopods on pereiopods II-V. Molecular genet- 
ic divergence from these species by COI mtDNA gene mark- 
er is more than 7% (Table 1). 
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MATERIAL EXAMINED: 19 (pcl. 5.5 mm, tbl. 18.0 mm), 
ZMMU Ma-6208, Abkhazia, Gagra Ridge, Arabika karst massif, 
Verevkina Cave, 43°24’56.0”N 40°21’23.0”E (the entrance), 
“Nemo”s Last Camp” siphon lake, about -2212 m from of the cave 
entrance, coll. Pavel Demidov, 4.03.2018; 12 (pcl. 4.7 mm, tbl. 
16.0 mm), ZMMU Ma-6209 (damaged), Verevkina Cave, 43°24’ 
56.0”N 40°21’23.0”E, “Nemo”s Last Camp” siphon lake, about — 
2212 m from of the cave entrance, coll. Pavel Demidov, 22.08.2019. 

MATERIAL FOR COMPARISON (described in the original 
description by Marin [2019]): 499, 500” (LEMMI), Abkhazia, 
Gagry region, Bzyb River Canyon, Gegskaya (Gega) Cave, 43°23’ 
43.7’N 40°27'28.4’E (the entrance), about 273 m above sea level, 
in cave lake, coll. I. Marin, 17 Sept. 2017; 12 (LEMMI), Abkhazia, 
Gagry region, Arabika karst massif, Verevkina Cave, 43°24’56.0”N 
40°21’23.0”E (the entrance), about -2100-2130 m from of the 
cave entrance, in cave lake, coll. Pavel Demidov, Sept. 2018. 

TAXONOMIC REMARKS. The collected specimens 
are mostly similar to the original description (see Marin 
[2019]). The species can be easily separated from Xiphocar- 
idinella demidovi sp.n. by stout triangular rostrum reaching 
only the midlength of basal antennular segment, the arma- 
ture of ischium of ambulatory pereiopods (2 ischial spines 
on PIII and 2 ischial spines on PIV) and the presence of 
vestigial exopod on pereiopod IV (see above). The molecu- 
lar divergence from the new specie is about 6% (0.057+0.008 
substitutions per 100 nucleotides) by COI mtDNA gene 
marker (see Tab. 1; Fig. 4). 

GENBANK ACCESSION NUMBERS. OK165440, 
OK165441. 

DISTRIBUTION. The species is known from an under- 
ground lake inside the Gegskaya Cave, 43°23’43.7”N 
40°27’28.4”’E, Abkhazia, Western Caucasus (the type locali- 
ty) and from the Verevkina Cave (43°24’56.0”N 
40°21’23.0”E) at a depth -2100-2130 m and —2212 m (the 
siphon “Nemo”s Last Camp”). Three known specimens from 
Verevkina Cave differ from the population from Gegskaya 
Cave for about 1% by COI mtDNA gene marker (0.01 
substitutions per 100 nucleotides). 


Discussion 


Currently, the world deepest troglobiont is the 
springtail Plutomurus ortobalaganensis Jordana et 
Baquero, 2012 (Collembola: Tomoceridae), which lives 
in the Krubera-Voronja Cave (Arabika karst massif, 
Gagra Ridge, Abkhazia) from —60 m to -1980 m from 
the entrance [Sendra, Reboleira, 2012], and previously 
the deepest dwelling stygobiotic animal is Kruberia 
abchasica Sidorov et Samokhin, 2016 (Crustacea: 
Amphipoda: Gammaridae), also collected in the Kru- 
bera-Voronja Cave from the siphon “Two Captains” 
(=Dva Kapitana) at a depth of -2175 m from the en- 
trance [Sidorov, Samokhin, 2016]. At the same time, 
the current record of Xiphocaridinella demidovi sp.n. 
and X. dbari from a depth of -2212 m in bottom 


Fig. 3. Xiphocaridinella demidovi sp.n., holotype $, pel. 7.5 mm, tbl. 24.0 mm, ZMMU Ma-6207, Verevkina Cave, Western 
Abkhazia, southwestern Caucasus: a — maxilliped HI; b — same, ultimate (distal) segment; c — pereiopod I; d — same, chela; e — 
pereiopod II; f— pereiopod III; g — same, dactylus; h — pereiopod IV; i — same, coxal segment; j — pereiopod V; k — same, dactylus. 

Puc. 3. Xiphocaridinella demidovi sp.n., 2, ronorun, pel. 7,5 mm, tbl. 24,0 mm, ZMMU Ma-6207, memepa Bepeskuna, Zarannası 
AOxa3ua, FOTO-3anaıHbIM Kaskas: a — makcumimnea II, b — TO €, MMCTANBHBIH CETMEHT; C — MEpeonon l; d — TO €, KIEIIHA, € — 
nepeonoy II; f — nepeonog MI; g — To xe, axtustyc; A — mepeoron IV; i — TO xe, KOKCAJIBHBIH CETMEHT; j — nmepeonog V; k — To xe, 


AaKTHITyc. 
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Xiphocaridinella shu 
Shurubumu Cave à 


Mchishta system 


Habu Cave 


New Athos Cave 


OUTGROUP 
= Troglocaris s. str. 


Xiphocaridinella dbari 


Xiphocaridinella jusbachi 


Xiphocaridinella fagei 


LN. Marin 


VEREVKINA CAVE 
ENTRANCE 


the location where the single specimens of 
Xiphocaridinella dbari was collected in 2018 
(see Marin, 2019) 


| 


Siphon lake “Nemo's Last Camp” 
the present study location 


Fig. 4. Phylogenetic (COI mtDNA) reconstruction (tree) of the Caucasian Xiphocaridinella (ML algorithm, GTR+G+I model, (AIC)- 
aLRT SH-like) with the Maximum likelihood bootstrap values presented for each node; and the map of the Verevkina Cave indicating the 


localities, where stygobiotic shrimps where collected. 


Puc. 4. dunorenermueckas (COI mr AHK) pekoHcTpykuma (nepeBo) Kaska3ckmx Xiphocaridinella (ML anroputm, GTR+G+I, (AIC)- 
aLRT SH-like) c makcmManbHOH BEPOATHOCTBIO 3HAYCHHA AJA KaxHOro y3lla; M KapTa nmemepb BepegkuHa C yka3aHHeM JoOKanHmú, rye 


OBIIM CO6PaHbI CTHTOOMOHTHBIO KpeBeTKH. 


section of the Verevkina Cave makes them the world’s 
deepest living troglobiotic/stygobiotic animals officially 
recorded. Although, of course, other stygobiotic spe- 
cies live in this watercourse of the lower part of the 
Verevkina Cave. It is very likely that the co-occurring 
of the species in the bottom section of the cave is 
caused by the convergence of underground streams 
from flowing from the different parts of the Arabika 
plateau, as well as extensive high floods characteristic 
of the caves of this karst massif. 

According to research of Klimchuk [2018], the caves 
of the western part of the Arabika plateau (Krubera- 
Voronja, Kuibyshevskaya, Ilyukhina, etc.) are unload- 
ed in submarine and coastal resources, including coast- 
al Reprua River (43°19’52.4”N 40°12’17.1”E), while 
the unloading of the caves from the eastern part of the 
Arabika plateau (Verevkina, Sarma, Moskovskaya, 
Dzou, etc.) occurs in the canyon of the Bzyb River. 
Specifically, according to his assumptions [Klimchuk, 
2018], unloading from the Verevkina and Sarma caves 
takes place in the area of the Blue Lake (43°21’02.8”N 
40°24’40.0”E), and the Moskovskaya and Dzou caves 
are unloaded upstream in the area ofthe Gegsky water- 
fall (43°26’08.4”N 40°26’36.5”E). At the same time, 
according to our data, the water flows of the Verevkina 


and Gegskaya caves (43°23’43.7”N 40°27’28.4”E) are 
interconnected, since they contain the same species of 
stygobiotic shrimp Xiphocaridinella dbari (see above; 
Marin [2019]). The biospeleological method, which 
studies the DNA of subterranean stygobiotic animals, 
allowing establishing biogeographic connections be- 
tween underground watercourses, has already been used 
along with traditional hydrogeological methods to es- 
tablish the connection of remote caves in Abkhazia 
[Marin, 2020; Marin, Turbanov, 2021]. This method 
can also be used on the example of other stygobiotic 
animals, namely the widespread amphipods of the ge- 
nus Niphargus Schiedte, 1847 (Crustacea: Amphipo- 
da: Niphargidae), which are more widespread and com- 
mon in subterranean watercourses. 

The new described species belongs to the clade of 
the genus Xiphocaridinella, which lives in the north- 
western part of the Colchis lowland, on the territory of 
Russia (X. jusbaschjani), as well as on the territory of 
western Abkhazia (X. dbari and X. fagei). This clade 
separated from the other species of the genus quite a 
long time ago, from 2-13 Mya (see Table 1), very 
likely about 4-5Mya. It is still unknown to which spe- 
cies belongs the specimen, identified as Troglocaris 
sp. from the lower part of the Krubera-Voronya Cave 


A new Xiphocaridinella from the world-deepest Verevkina Cave 


[Sendra, Reboleira, 2012], but it certainly also belongs 
to this clade and is related/conspecific to either the new 
species or X. dbari. According to the data obtained 
(Table 1), the approximate divergence time of 5Mya 
for separation of the new species from other species of 
the genus, as well as all other species within the genus, 
seems unlikely to exceed such a global catastrophe as 
Messinian Crisis, as a result of which the entire aquatic 
fauna of the Caucasus was likely to become extinct. At 
the same time, data less than 5 Mya on the main divi- 
sion of species within the genus, as well as the separa- 
tion of the new species from the most phylogenetically 
related X. dbari, which inhabit the same Gagra Ridge 
within the late 1-2 Mya, seems quite plausible. The 
active growth of the Caucasian mountain massifs, and, 
accordingly, the occurrence of karst caves, begins ap- 
proximately in the Pliocene-Pleistocene, and the age 
of many Caucasian caves, including the caves of the 
Arabika massif, is just defined as approximately 1-2 
Mya [Klimchuk, 2018]. The pools of the siphon lake 
“Nemo”s Last Camp” siphon lake and the water source 
in the Verevkina Cave at a depth of -2100-2130 m, 
where stygobiotic shrimps were found, are located al- 
most above the basic non-karst rocks, which indicates 
a long process of formation of these cavities. Thus, the 
rate of evolutionary changes in shrimps of the genus 
Xiphocaridinella is quite high and is close to the values 
of 5-3% Mya”. 
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